Introduction
Liver metastasis is a common consequence of colorectal carcinoma. The detection of hepatic metastases is necessary for an exact staging and planning of the treatment [1] . It is known that conventional imaging techniques are of limited value in identifying small liver metastases. There is evidence that the presence of even microscopic liver metastases is associated with subtle changes in liver blood flow [2] . Doppler ultrasonography (US) has the ability to measure liver blood flow directly [3, 4] . In order to assess the altered hepatic hemodynamics due to tumoral angiogenesis of liver metastasis, Doppler perfusion index (DPI), which is the ratio of the hepatic artery flow to the total liver blood (hepatic artery + portal vein) flow measured by Doppler US, was introduced by means of dynamic scintigraphy and was found to have a high accuracy. Thus, it was postulated that even early small hepatic metastases may induce alterations of hepatic blood flow [3] [4] [5] . DPI, as an inexpensive and non-invasive method, does not require usage of contrast material or ionizing radiation to investigate hemodynamic alterations of the liver [5] .
Recently, there was an increase in imaging approaches combined with biological measurements to investigate the relationship between vascularization and metabolism. Platelet-derived endothelial cell growth factor (PD-ECGF) is known as thymidine phosphorylase (TP). Numerous immunohistochemical and PD-ECGF activity studies have shown an increased PD-ECGF expression and activity in a wide range of tumors compared with normal, healthy tissues [6] [7] [8] . High PD-ECGF expression in these tumor sites has clearly been related to a high microvessel density, the induction of metastasis, and a poor prognosis for the patient [9] [10] [11] . The location of PD-ECGF expression varies between tumor type and grade and has been reported to be highly expressed in many tumor cells [12] , in the invasive part of the tumor [11] , or in the tumor stromal cells [13, 14] . PD-ECGF is involved in two different yet overlap-
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ping actions. Firstly, it is associated with a higher invasive property and metastatic potential of the cancer cells [7, 15] . Secondly, it is related to an increased angiogenesis [16] .
The aim of this study is to investigate changes of hepatic perfusion and PD-ECGF expression in patients with liver metastases of colorectal cancer by means of DPI measurements and PD-ECGF mRNA and protein expression, to figure out any correlation between liver hemodynamics and tumor molecular biology, and to explore novel complementary diagnostic or predictive parameters in the clinical management.
Patients and Methods

Patients
This study was approved by the local ethics committee, and informed written consent was obtained from all of the patients. 50 patients awaiting surgery for colorectal cancer (age range 32-81 years) and 50 healthy individuals without signs of malignant disease (age range 30-80 years) were enlisted. 22 patients with synchronous hepatic metastases and 28 patients without metastases from colorectal cancer were included in this prospective study. Metastases were diagnosed by sonography and confirmed by computed tomography or nuclear magnetic resonance imaging before surgery.
DPI Measurement
Liver perfusion was assessed by a color duplex Doppler scanner (SEQUOIA 512 U.S.; Siemens, Munich, Germany) with built-in algorithms for calculating time-averaged mean blood velocity and blood flow. A convex 3.5-MHz phased linear array probe was used for all measurements. All measurements were performed with subjects in the supine position and during expiration after 12 h of fasting. Spectral analysis was determined based on the technique described in previous studies [3, [17] [18] [19] . The parameters of portal vein and hepatic artery measured by the SEQUOIA 512 Doppler were the following: diameter, time-averaged mean velocity, and blood flow. Volume flows of the proper hepatic artery (PHAF) and portal vein (PVF) were calculated by means of the time-averaged blood velocity and the diameter for each vessel. The hepatic artery was measured as near as its origin, given the angle of insonation or acoustic interference from adjacent vessels at the porta hepatis. The portal vein was interrogated at the site of the crossing of the right hepatic artery, and measurements of diameter and time-averaged velocity were obtained. All measurements were performed with insonation angles between longitudinal axis and sound wave being less than 60°. The measurements were recorded electronically. DPI value was calculated by the following formula: DPI = PHAF / (PHAF + PVF). The intraobserver and interobserver reproducibility of DPI measurements are only clinically acceptable when repeated measurements are performed by experienced examiners.
PD-ECGF mRNA Expression
Frozen colorectal specimens obtained from the above 50 patients with primary colorectal cancer which underwent surgery at our institute were collected to investigate PD-ECGF mRNA expression. Total RNA was extracted from the colorectal samples using Trizol reagent according to the manufacturer's protocol (Invitrogen, Carlsbad, CA, USA). Every 500 ng RNA extracted was reverse transcribed to cDNA according to the manufacturer's protocol (TaKaRa Bio Inc., Dalian, China). PD-ECGF mRNA expression was determined by real-time fluorescence quantitative polymerase chain reaction (PCR) (Opticon II; Bio-Rad Laboratories Inc., Hercules, CA, USA), using the SYBR Green qPCR Kit according to the manufacturer's instruction (Invitrogen, Carlsbad, CA, USA). The cycle parameters were: 50 ° C for 10 s and 95 ° C for 10 min, followed by 42 cycles at 95 ° C for 15 s and 60 ° C for 1 min. At the end, a melting curve analysis was performed to confirm the specificity of the amplification. The level of expression for each mRNA is the ratio against the amounts of glyceraldehyde 3-phosphate dehydrogenase (GAPDH) used as an internal control. PD-ECGF 
periments. NS = Not significant; **p < 0.01 compared to controls.
primer: forwards 5'-AGAGCCCAGAGCAGATGCAGG-3', and reverse 5'-CACGGTGGCTGTCACATCTCT-3'. GAPDH primer: forwards 5'-GAA-GGTGAAGGTCGGAGTC-3', and reverse 5'-GAAGATGGTGATGGGATTTC-3' (Invitrogen, Shanghai, China).
Determination of PD-ECGF Expression by Immunohistochemistry
Resected specimens from the 50 patients as well as normal, healthy colorectal tissues distal to the lesions were fixed in 10% formaldehyde solution and embedded in paraffin. Sections (4 μm thick) were cut and mounted on glass slides. Sections were dewaxed in xylene, taken through ethanol, and then incubated with 0.3% hydrogen peroxide in methanol for 30 min to block endogenous peroxidase activity. Specimens were then incubated with a 1: 200 dilution of anti-dThdPase mouse monoclonal antibody (Lab Vision & Neomarkers, Fremont, CA, USA) at 37 ° C for 1 h. Sections were hereupon incubated with biotinylated rabbit anti-mouse immunoglobulin G at a dilution of 1: 100 for 30 min followed by three washes. Slides were treated with streptavidin peroxidase reagent for 30 min at a dilution of 1: 100 and washed with phosphate-buffered saline three times. The degree of monoclonal antibody reactivity with individual tissue sections was considered positive if unequivocal staining of cytoplasm or nuclear compartment was seen in tumor cells, regardless of the number of cells stained. The statistical results were calculated in accordance with stained areas described in a previous study [10] .
Statistical Analysis
The parametric data were analyzed by the Instat version 3.06 software for Windows (GraphPad, XX). A p value less than 0.05 was defined as significant.
Results
DPI Analysis
The mean DPI values were 0.29 ± 0.05 for patients with liver metastases, 0.11 ± 0.04 for patients without metastases, and 0.12 ± 0.03 in the healthy control group ( fig. 1) .
Alteration of PD-ECGF mRNA Expression and Correlation of PD-ECGF and DPI in Patients with Hepatic Metastases of Colorectal Cancer
Comparison of the level of PD-ECGF mRNA expression between the non-metastatic group (n = 28) and the synchronous liver metastatic group (n = 22) was performed. Results showed that PD-ECGF mRNA expression was significantly increased in the synchronous liver metastatic group when compared to the non-metastatic group (p < 0.0001). The PD-ECGF mRNA expression in colorectal carcinoma tissues is apparently higher than that of surrounding normal tissues (p < 0.05). There was a positive correlation between PD-ECGF mRNA expression and DPI value in patients with liver metastases (r = 0.52; p = 0.0127) ( fig. 2) .
Expression of PD-ECGF in Colorectal Cancer Patients
Our results showed that PD-ECGF is mainly expressed by interstitial cells in colorectal carcinoma tissues. The expression of PD-ECGF in colorectal tumor tissues is apparently higher than that of surrounding normal tissues (p < 0.0001). Moreover, PD-ECGF expression was significantly increased in the synchronous liver metastatic group as compared to the non-metastatic group (p < 0.0001). There was a marked and positive correlation between PD-ECGF expression and DPI value in patients with liver metastases (r = 0.72; p < 0.0001) ( fig. 3) . 
Discussion
DPI has been found to be increased in liver metastases of colorectal carcinoma and could be used as an indicator of metastases which are sonographically small or undetectable [3, 5, 20] . Beyond their diagnostic capability, abnormal DPI values were also reported to predict clinical outcome, lymph nodes, and liver metastases [21] [22] [23] [24] . In our study, we found the DPI values to be comparable with previous results [3, 5, 25] . The results have shown that the DPI value was 0.29 ± 0.05 in patients with liver metastases, 0.11 ± 0.04 in the non-metastatic group, and 0.12 ± 0.03 in the healthy control group. Obviously, DPI value was significantly higher in the liver metastases group (p < 0.01). The DPI value was mainly studied in colorectal cancer metastases in the previous studies. The mechanisms responsible for changes in hepatic perfusion in patients with liver metastases of colorectal carcinoma are not yet fully explained. It was concluded that an increase in hepatic artery blood flow and a decrease in portal vein blood flow results in an increased DPI value [3, 5, 17, 26] . Accordingly, the DPI of the liver with metastases was found to be >0.3-0.5, while it was <0.15 in benign diseases [3, 22, 26] . Due to the small sample size of our study, it was not possible to determine a distinct cut-off value. However, we speculated that a PD-ECGF has a structure similar to that of TP; therefore, these two constituents are considered to be the same substance. Previous studies have shown that PD-ECGF promoted angiogenesis and had important functions in the growth, invasion, and metastasis of colorectal carcinoma [8] . Inokuchi et al. [27] reported that patients with high PD-ECGF expression in colorectal carcinoma tissue had more new vessels in the cancer tissues and exhibited liver metastasis; thus, a bad prognosis could more easily occur in these patients. In the current study, we investigated the alteration of PD-ECGF mRNA and protein expression in colorectal cancer patients by using real-time PCR and immunohistochemical staining methods. The results showed that colorectal tumors expressed PD-ECGF. The expression of PD-ECGF in colorectal carcinoma tissues is apparently higher than that of surrounding normal tissues, especially in patients with liver metastasis. As in the previous immunohistochemical staining results described [28] , we found that PD-ECGF was mainly expressed by interstitial cells surrounding the tumor tissue or infiltrating the border of the tumor. Our results showed that PD-ECGF was more expressed in tumor stroma cells than in tumor cells. We concluded that it was possible that the differentiation of tumor stroma cells could generate a mass of cytokines, such as PD-ECGF, to induce angiogenesis. By means of real-time PCR and immunohistochemical analysis, we compared the PD-ECGF expression between the primary colorectal cancer and the metastatic lesions in the liver. The expression of PD-ECGF was higher in primary tumors with metastasis than in those without metastasis. We also observed a significant difference in the expression of PD-ECGF between patients with and without metastasis. Therefore, an evaluation of the expression of PD-ECGF in advanced metastatic cancer may be useful for selecting optimized therapies for patients with colorectal cancer. Currently, no therapeutic drug targeting PD-ECGF is available for cancer patients; however, PD-ECGF-targeting drugs might be useful in the case of colorectal cancer with metastasis.
Colorectal tumors have to provide their own blood supply to promote growth. This process is called angiogenesis or neovascularization and is supported by numerous polypeptide growth factors and factors promoting tumor angiogenesis (such as vascular endothelial growth factor and PD-ECGF) [29] . In this study, the DPI value was found to be correlated with the expression of PD-ECGF, as we expected. Within the liver the new blood vessels are mostly derived from the arterial system [23] . It is known that PD-ECGF expression in colorectal carcinoma tissue promotes angiogenesis and liver metastasis. It is reasonable to hypothesize that PD-ECGF expression of tumors coincides with changes in tumor hemodynamics. The balance between neovascularization and metabolism of vascular growth factors could play an important role in the biological behavior of the metastases. Rapid proliferation of large tumors outgrows their vascular supply, resulting in the generation of angiogenic growth factors including PD-ECGF. Finally, the increased arterialization of the metastases leads to an increased DPI. Thus, this phenomenon could explain the positive correlation between DPI and PD-ECGF expression. Therefore, DPI and PD-ECGF may be valuable factors when screening hepatic metastases in patients with colorectal cancer and serve as practical parameters in the postoperative follow-up.
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